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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention is applicable to an optical 
multiplexing circuit that multiplexes a plurality of 
optical signal together, and particularly, to an optical 
multiplexer applicable to an arrayed -waveguide grating 
type optical multiplexing circuit having a wavelength 
monitoring function for wavelength division multiplexing 
optical communication . 

DESCRIPTION OF THE RELATED ART 

FIG. 25 shows an arrayed -wave guide grating (AWG) type 
optical multiplexing and demultiplexing circuit utilizing 
multiple beams interference. 

A structure of common arrayed -waveguide gratings will 
be described. Reference numeral 100 denotes a substrate 
composed of silicon or silica. A lower clad layer composed 
of a silicon oxide layer or the like is formed on the 
substrate 100. A silicon dioxide layer or the like is 
deposited on the lower clad layer and is doped with 



w 
til 



=== a 

n 



germanium as impurities to increase the refractive index 
thereof relative to that of the lower clad layer. This 
silicon layer is patterned to form a core layer. Further, 
an upper clad layer composed of a silicon oxide layer or 
5 the like is formed on the core layer. These three layers 
constitute an optical waveguide. 

The optical multiplexing and demultiplexing circuit 
shown in FIG. 25 is composed of components 101 to 105 , 
described below. That is, a reference numeral 101 denotes 
10 a plurality of input channel waveguides, a reference 
numeral 102 denotes an input slab waveguide, and a 



fll reference numeral 103 denotes an array waveguide that is 

Lu 

5 substantially composed of a plurality of parallel 

fll waveguides of different lengths. Further, a reference 

is numeral 104 denotes an output slab waveguide, and a 

reference numeral 105 denotes a plurality of output channel 
waveguides . 

Such an array-waveguide grating type optical 
multiplexing and demultiplexing circuit can be used for 
20 both multiplexing and demultiplexing. 

First, explanation will be given of functions of this 
circuit provided when it serves as an optical multiplexing 
circuit . 

In an optical wavelength multiplexing communication 
25 method, a plurality of optical signals each having a 
predetermined wavelength and the multiplexed signal is 
transmitted through a single fiber. A wavelength of the 
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transmitted optical signal is standardized and its method 
is recommended by the ITU (International 

Telecommunication Union) . This recommendation specifies 
optical signals each having a same interval wavelength 
5 incrementing by a frequency of 100 or 50 GHz or the like. 
Common optical signals have a wavelength of one of these 
values or one-integer-th thereof (for example, a half or 
quarter thereof ) . 

Such a plurality of optical signals having different 

10 wavelengths are input to the input ends of predetermined 
input channel waveguides 101, which are located at a facet 
of the substrate 100 via a plurality of optical waveguides 
or fibers. These optical signals pass through the input 
channel waveguides 101 and are guided to one facet of the 

15 input slab waveguide 102. Then, the guided signals are 
radiated from facet of the input channel waveguides 101 
geometrically arranged at the above one facet of the input 
slab waveguide 102 , and then input to the plurality of array 
waveguides 103 geometrically arranged at the other facet 

20 of the input slab waveguide 102. 

The optical signals of the plural wavelength input to 
the array waveguides 103 travel through these waveguides, 
and have phase differences corresponding to differences 
in the lengths of the waveguides until they reach the other 

25 facet. The signals are then radiated in the output slab 
waveguide 104. The radiated optical signals interfere 
with each other and are condensed at the inlets of 
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predetermined output channel waveguides 105. Then, the 
signals are multiplexed together and the multiplexed 
signal is output from a predetermined output channel 
waveguide 105. The multiplexed signal is provided to the 
exterior via an optical waveguide or an optical fiber 
connected to the output channel waveguide 105 at the 
corresponding facet of the substrate. 

If the circuit is thus used as an optical multiplexing 
circuit, as many input channel waveguides 101 as 
wavelengths to be multiplexed as well as a single output 
channel waveguide 105 are commonly used. 

In this description, one end of the arrayed-waveguide 
grating type optical multiplexing and demultiplexing 
circuit is defined as an input side, whereas the other end 
is defined as an output side. However, if the 
arrayed-waveguide grating type optical multiplexing and 
demultiplexing circuit is constructed to be symmetrical 
with respect to the array waveguides, then the input and 
output sides may be reversed. That is, if a multiplexed 
signal obtained by multiplexing optical signals of 
different wavelengths is input to the above described 
output channel waveguide from which the multiplexed output 
is obtained, then the optical signal travels in the 
direction opposite to that described above and is 
demultiplexed into predetermined input channel waveguides 
for output. 



That is, if the arrayed -waveguide grating type optical 
multiplexing and demultiplexing circuit is used as an 
optical demultiplexing circuit, then it may be used in the 
opposite manner compared to the above described 
5 multiplexing circuit. That is, if this circuit is used 
as an optical demultiplexing circuit, a single input 
channel waveguide and as many output channel waveguides 
as wavelengths to be demultiplexed are used. 

It is effective in forming a plurality of arrayed- 
(3 10 waveguide grating type optical multiplexing and 
p] demultiplexing circuits on the same substrate as well as 

[i\ downsizing. 

|J{ FIG . 26 schematically shows the input and output 

; channel waveguides of the arrayed-waveguide grating type 

fU 15 optical multiplexing and demultiplexing circuit. The 
jri characteristics of the multiplexing circuit will be 

described below. 

Here, reference symbols #1, #2, . . . , #n denote input 
channel waveguides, and reference symbols *1, *2, . . . , *n 
20 denote output channel waveguides. If a plurality of 

optical signals each having an interval wavelength such 
as 100 or 50 GHz, as described previously, are sequentially 
input to the input channel waveguides #1, #2, #n so 

that the channel waveguides receive the optical signals 
25 of the corresponding wavelengths from short to long 

wavelengths or from long to short wavelengths, then the 
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output channel waveguide from which a multiplexed output 
is obtained is denoted as *J. 

FIG. 27A shows the optical transmitted wavelength 
characteristics of the input channel waveguide #1 and 
5 output channel waveguide *J in FIG. 26. 

The axis of ordinates denotes optical transmittance, 
indicating that an upper part of the axis of ordinates is 
associated with a higher optical transmittance and weaker 
optical attenuation. That is, if a predetermined 
W 10 wavelength X x is input to the input transmission channel 
til waveguides #1, optical signals having wavelengths near the 

ru 

-d] wavelength X x are transmitted. If the wavelength changes 

hj from X x to a smaller or larger value, the optical 

J„ transmittance decreases to increase transmission losses, 

15 causing wavelengths sufficiently distant from the 

ru 

Cm wavelength X x to be very sharply attenuated. 

ill 

f i| The optical transmission wavelength characteristic is 

such that wavelengths near a center wavelength, which has 
the highest transmittance, generally exhibit a Gauss type, 

20 as shown in FIG. 27A. However, many efforts have been made 
to achieve a flat optical transmission wavelength 
characteristic within a predetermined wavelength range. 
The Gauss type will be described below by way of example. 
Likewise, FIG. 27B shows the optical transmission 

25 wavelength characteristics of the input channel waveguide 
#2 and output channel waveguide * J in FIG . 26 . Furthermore , 
FIG. 2 7C shows the synthesized optical transmission 
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wavelength characteristics of the input channel 
waveguides #1, #2, . #n and output channel waveguide 
*J in FIG, 26. 

These figure indicate that if optical signals of the 
wavelengths K lf X 2 , . . . , X n are input to the input channel 
waveguides #1, #2, . .., #n, respectively, they are 
multiplexed and output to the output channel waveguide *J. 

Further, these figures also indicate an optical 
transmission wavelength characteristic observed in the 
following situation: if the circuit is used as a 
demultiplexing circuit as described previously, if a 
signal obtained by multiplexing optical signals of the 
wavelengths X 1# X 2 * . . . , X* is input to the output channel 
waveguide *J, it is demultiplexed into n signals, which 
are then output to the input channel waveguides #1, #2 , 
#n. 

The above described characteristics of the optical 
multiplexing circuit are determined by both a waveguide 
width and a shape, or, both an installation position and 
an interval measured near the facet of the slab waveguide 
of the channel waveguides . These relations have been 
widely disclosed. 

The operational principle and basic functions of the 
above described AWG optical multiplexing and 
demultiplexing circuit are disclosed in, for example, 
Japanese Patent No. 2599786, Japanese Patent Application 
Laid-open No. 5-313029 (1993), and other applications. 
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Optical transmitters require the optical wavelength 
multiplexing number to be increased in order to improve 
the transmission efficiency of an optical communication 
system. The wavelength multiplexing number n thus tends 
5 to be 16 to 32 channels or more. Accordingly, the interval 
between the predetermined optical signal wavelengths X lf 
X 2 , . . . , has decreased from the conventional value of 
100 GHz to 50 GHz and will be smaller. Consequently, AWG 
optical multiplexing and demultiplexing circuits and 

Q 

CI 10 peripheral circuits thereof must meet more strict 

m 

f|j specifications . 

fi 

ry Optical oscillation circuits and electrooptic 

I : 5 

I'' 9 conversion circuits generally comprise laser diodes, and 

!:f the stability of the oscillation wavelength of these 

in 

fil 15 circuits must meet such a strict specification. For 

Cn 

□ example, the wavelength, which needed to be controlled to 

Fs E 

be equal to or less than ±10 GHz, now needs to be controlled 
to be equal to or less than ±5 GHz, and thus optical 
oscillation circuits must stabilize optical emission 

20 wavelength more precisely. To precisely control the 
optical wavelength, a method of controlling the 
temperature of laser diodes or the like is used. 

Further, for example, Japanese Patent Application 
Laid-open Nos . 2000-65686 and 2000-78085 have proposed a 

25 circuit configuration for a wavelength multiplexing 

transmitter in which a receiver uses a demultiplexing 
circuit to demultiplex a received wavelength multiplexed 
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signal into optical signals of different wavelengths and 
then these wavelengths are monitored and controlled for 
displacement from a predetermined wavelength. In these 
specifications, conventional optical multiplexing and 
5 demultiplexing circuits are used as simple multiplexing 
and demultiplexing functions, thereby requiring a 
peripheral circuit different from the optical 
multiplexing and multiplexing circuits to have a more 
U complicated circuit configuration. 

== = ?! 

p 10 In short, in the prior art, the demultiplexing circuit 

fn 

fu is externally installed, and the deviations of the 

:Hj wavelengths of signals obtained by demultiplexing are 

w detected by a filter or the like so as to control the 

Q wavelength of an electrooptic conversion circuit, that is, 

f|| 15 laser diodes, on the basis of the results of the detection. 

m 

r| Consequently, the scale and size of the circuit must be 

ri i 

increased. 

In particular, as the wavelength multiplexing number 
increases to 16 to 32, implementation becomes more and more 
20 difficult and more and more costs are required. 

SUMMARY OF THE INVENTION 



It is thus an object of the present invention to 
25 provide an optical multiplexer that is structured by a 
simple circuit configuration and performs a precisely 
control of optical wavelengths. 
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In the first aspect of the present invention, there 
is provided an optical multiplexing circuit to which a 
plurality of optical signals are input and which outputs 
a multiplexed beam subjected to wavelength division 
multiplexing , comprising : 

a plurality of input transmission channel waveguides 
to each of which a corresponding one of a plurality of 
optical signals is input; 

plural pairs of input monitoring channel waveguides 
into which a beam is introduced in a direction opposite 
to that for the input transmission channel waveguides and 
which output demultiplexed beams, each of the pairs 
including a first input monitoring channel waveguide and 
a second input monitoring channel waveguide; 

an input slab waveguide having a first facet, wherein 
the first facet connected to the plurality of input 
transmission channel waveguides and the plural pairs of 
input monitoring channel waveguides; 

at least one output transmission channel waveguide to 
which the multiplexed beam is guided, the multiplexed beam 
being obtained by multiplexing the plurality of optical 
signals transmitted from the plurality of input 
transmission channel waveguides; 

at least one output monitoring channel waveguide into 
which a beam is introduced in a direction opposite to that 
for the output transmission channel waveguides and which 
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transmits the demultiplexed beams to the plural pairs of 
input monitoring channel waveguides; 

an output slab waveguide having a fourth facet, 
wherein the fourth facet connected to the at least one 
5 output transmission channel waveguide and the at least one 
output monitoring channel waveguides; and 

an arrayed waveguide comprising a plurality of optical 
waveguides having different optical path lengths, wherein 

u the arrayed waveguide is connected to a second facet which 

H 

ci 10 is located opposite the first facet of the input slab 
fii waveguide, and is connected to a third facet which is 

iH located opposite the fourth facet of the output slab 

§ y 

^ waveguide , 

□ wherein when the multiplexed beam is introduced into 

ru 

f|j 15 the fourth facet of the output slab waveguide through the 

m 

p output monitoring channel waveguide, the multiplexed 

3%? light passes through the output slab waveguide and is 

demultiplexed by the input slab waveguide, and the 
demultiplexed beams are guided to the first facet and are 
20 output to the each pair of input monitoring channel 
waveguides having a corresponding wavelength. 

In the second aspect of the present invention, there 
is provided an optical multiplexing circuit to which a 
plurality of optical signals are input and which outputs 
25 a multiplexed beam subjected to wavelength division 
multiplexing , comprising : 
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a plurality of input transmission channel waveguides 
to each of which a corresponding one of a plurality of 
optical signals is input; 

at least one input monitoring channel waveguide into 
; which a beam is introduced in the same direction as that 
for the input transmission channel waveguides and to which 
a multiplexed beam is input; 

an input slab waveguide having a first facet, wherein 
the first facet connected to the plurality of input 
p 10 transmission channel waveguides and the at least one input 
monitoring channel waveguide; 

at least one output transmission channel waveguide to 
which the multiplexed beam is guided, the multiplexed beam 
being obtained by multiplexing the plurality of optical 
15 signals transmitted from the plurality of input 
transmission channel waveguides; 

plural pairs of output monitoring channel waveguides 
into which a beam is introduced in the same direction as 
that for the output transmission channel waveguides and 
20 to which the demultiplexed beams transmitted from the input 
monitoring channel waveguide are input , each of the pairs 
comprising a first output monitoring channel waveguide and 
a second output monitoring channel waveguide; 

an output slab waveguide having a fourth facet, 
25 wherein the fourth facet connected to the at least one 
output transmission channel waveguide and the plural pairs 
of output monitoring channel waveguides; and 
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m 
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an arrayed waveguide comprising a plurality of optical 
waveguides having different optical path lengths , wherein 
the arrayed waveguide is connected to a second facet which 
is located opposite the first facet of the input slab 
5 waveguide, and is connected to a third facet which is 
located opposite the fourth facet of the output slab 
waveguide , 

wherein when the multiplexed beam is introduced into 
the first facet of the input slab waveguide through the 

10 input monitoring channel waveguide, the multiplexed light 
passes through the input slab waveguide and is 
demultiplexed by the output slab waveguide, and the 
demultiplexed beams are guided to the fourth facet and are 
output to each pair of output monitoring channel waveguides 

15 having corresponding wavelengths . 

In the third aspect of the present invention, there 
is provided an optical multiplexing circuit to which a 
plurality of optical signals are input and which outputs 
a multiplexed beam subjected to wavelength division 

20 multiplexing, comprising: 

a plurality of input transmission channel waveguides 
to each of which a corresponding one of a plurality of 
optical signals is input ; 

plural pairs of input monitoring channel waveguides 

25 into which a beam is introduced in a direction opposite 
to that for the input transmission channel waveguides and 
which output demultiplexed beams, each of the pairs 

- 13 - 



including a first input monitoring channel waveguide and 
a second input monitoring channel waveguide; 

an input slab waveguide having a first facet, wherein 
the first facet connected to the plurality of input 
transmission channel waveguides and the plural pairs of 
input monitoring channel waveguides; 

a pair of a first output transmission channel 
waveguide and a second output transmission channel 
waveguide to which the multiplexed beam is guided, the 
multiplexed beam being obtained by multiplexing the 
plurality of optical signals transmitted from the 
plurality of input transmission channel waveguides; 

a pair of a first output monitoring channel waveguide 
and a second output monitoring channel waveguide into which 
a beam is introduced in a direction opposite to that for 
the pair of output transmission channel waveguides and 
which transmits the demultiplexed beams to the plural pairs 
of input monitoring channel waveguides ; 

an output slab waveguide having a fourth facet, 
wherein the fourth facet connected to the pair of the first 
and second output transmission channel waveguide and the 
pair of the first and second output monitoring channel 
waveguides ; and 

an arrayed waveguide comprising a plurality of optical 
waveguides having different optical path lengths, wherein 
the arrayed waveguide is connected to a second facet which 
is located opposite the first facet of the input slab 
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waveguide, and is connected to a third facet which is 
located opposite the fourth facet of the output slab 
waveguide , 

wherein when beams obtained by dividing the 
5 multiplexed beam are introduced into the fourth facet of 
the output slab waveguide through the pair of output 
monitoring channel waveguides, the beams passes through 
the output slab waveguide and is demultiplexed by the input 

y& slab waveguide, and the demultiplexed beams are guided to 

b 

P 10 the first facet and are output to each pair of input 

JJt monitoring channel waveguides having a corresponding 

ijj wavelength . 

W In the fourth aspect of the present invention, there 

s 

0 is provided an optical multiplexer having an optical 

F3 s 

1 u 

fjj 15 multiplexing circuit to which a plurality of optical 

~~~ 

'%{ signals are input and which outputs a multiplexed beam 

|H subjected to wavelength division multiplexing, the 

multiplexer comprising: 

extracting means for extracting a part of the 
20 multiplexed beam output from the optical multiplexing 
circuit to extract a^eck signal; 

check signal reintroducing means for reintroducing 
the extracted check signal into the optical multiplexing 
circuit ; and 

25 check signal detecting means for detecting the check 

signal reintroduced into the multiplexing area, at a facet 
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located opposite the facet into which the signal has been 
reintroduced . 

The above and other objects, effects, features and 
advantages of the present invention will become more 
5 apparent from the following description of embodiments 
thereof taken in conjunction with the accompanying 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

ass 

Co FIG. 1 is a block diagram showing a configuration of 

Irj an optical multiplexing circuit as a first embodiment of 

the present invention; 
!L FIGS. 2A to 2C are characteristic diagrams showing an 

[U 15 optical transmission characteristic representative of a 
CP relationship between wavelength and optical 

f J] transmittance ; 

FIGS. 3A and 3B are block diagrams showing a variation 
of the optical multiplexing circuit in FIG. 1; 
20 FIG. 4 is a block diagram showing an internal 

configuration of the multiplexing circuit; 

FIG. 5 is an enlarged view showing a configuration of 
a facet portion of an input slab waveguide; 

FIG. 6 is an enlarged view showing a configuration of 
25 a facet portion of an output slab wavegruide; 

FIG. 7 is a block diagram showing a configuration of 
a wavelength control circuit; 
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FIG. 8 is a block diagram showing a configuration of 
an optical branching circuit; 

FIGS. 9A to 9D are characteristic diagrams showing an 
optical transmission characteristic representative of the 
relationship between wavelength and optical 
transmittance ; 

FIG. 10 is a block diagram showing a configuration of 
an optical multiplexing circuit as a second embodiment of 
the present invention; 
J;:J 10 FIGS. 11A to 11C are characteristic diagrams showing 

Kl an optical transmission characteristic representative of 

%li the relationship between wavelength and optical 

juj transmittance ; 

a 

f=i FIG. 12 is a block diagram showing the internal 

\*\ 15 configuration of the multiplexing circuit; 
W; FIG. 13 is an enlarged view showing a configuration 

of a facet portion of an input slab waveguide; 

FIG. 14 is an enlarged view showing a configuration 
of a facet portion of an output slab waveguide; 
20 FIG. 15 is a block diagram showing a configuration of 

a wavelength control circuit; 

FIGS. 16A to 16C are characteristic diagrams showing 
an optical transmission characteristic representative of 
the relationship between wavelength and optical 
25 transmittance; 
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FIG. 17 is a block diagram showing a configuration of 
an optical multiplexing circuit as a third embodiment of 
the present invention; 

FIGS. 18A to 18C are characteristic diagrams showing 
5 an optical transmission characteristic representative of 
the relationship between wavelength and optical 
transmittance ; 

FIG. 19 is a block diagram showing an internal 
configuration of the multiplexing circuit; 
io FIG. 20 is an enlarged view showing a configuration 

of a facet portion of an input slab waveguide; 

FIG. 21 is an enlarged view showing a configuration 
of a facet portion of an output slab waveguide; 

FIG. 22 is a block diagram showing a configuration of 
15 a wavelength control circuit; 

FIGS. 23A to 23C are characteristic diagrams showing 
an optical transmission characteristic representative of 
the relationship between wavelength and optical 
transmittance ; 

20 FIG. 24 is a block diagram showing a configuration of 

a synthesis circuit; 

FIG. 25 is a view useful in describing a configuration 
of a conventional optical multiplexing circuit; 

FIG. 26 is a block diagram schematically showing input 
25 and output channel waveguides in a conventional optical 
multiplexing circuit; and 
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FIGS. 27A to 27C are characteristic diagrams showing 
an optical transmission characteristic representative of 
the conventional relationship between wavelength and 
optical transmittance . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Embodiments of the present invention will be described 
below with reference to the drawings. 

[First Example] 

A first embodiment of the present invention will be 
described with reference to FIGS. 1 to 9 . 

[Outline] 

First, an outline of the present invention will be 
provided . 

On the basis of advanced optical signal process 
functions inherently possessed by an AWG optical 
multiplexing and demultiplexing circuit conventionally 
used only as a simple optical multiplexing and 
demultiplexing circuit, the present invention proposes an 
improved optical multiplexing and demultiplexing circuit 
having a support function of stabilizing and controlling 
oscillation wavelength, instead of a simple optical 
multiplexing and demultiplexing circuit. 
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The advanced optical signal process functions 
inherently possessed by the AWG optical multiplexing and 
demultiplexing circuit are shown in, for example, Japanese 
Patent Application Laid-open No. 6-232843 (1994) or the 
5 like, and Japanese Patent Application Laid-open No. 
2000-65686, described previously, uses an AWG optical 
multiplexing circuit having special functions, as a 
peripheral circuit for controlling wavelength. Thus, 
l_l these functions are known as fragmentary basic techniques, 

10 but no AWG optical multiplexing and demultiplexing 
i,; circuits having advanced functions for the above purpose 

Jjj have been proposed or implemented. 

W Thus, the present invention has the following 

(3 configuration requirements. 

?s $ 

a =■ : = - 

fjj 15 In FIGS. 1 and 7, described later, the optical 

s» 

p{ multiplexer has a function that inputs a plurality of 

optical signals through one facet 10 (that is, the input 
channel waveguides 101 in FIG. 25, described previously) 
of a multiplexing area 30 (that is, the components 101 to 

20 105), multiplexes the inputted optical signals, and 

outputs a single wavelength division multiplexed optical 
signal from the other facet 20 (that is, the output channel 
waveguide 105) of the multiplexing area 30, and is 
characterized by comprising: 

25 extracting means (50, 210) for extracting a part of 

the wavelength division multiplexed optical signal output 
from the output facet 20 of the multiplexing area 30 to 
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obtain a check signal; check signal reintroducing means 
(220, 70) for introducing the extracted check signal into 
the multiplexing area 30 again; check signal detecting 
means (60) for detecting the check signal input to the 
5 multiplexing area 30 again at the facet 10 located opposite 
the facet 20 from which the check signal has been input 
again; and an operation control means (230 ) for determining 
the state of the detected check signal to output a control 
signal for controlling a plurality of optical signals input 

JjJ 10 to the multiplexing area 30 based on a result of the 

M determination . 

sD In this example, the components of the optical 

hi multiplexer are constructed as follows. 

«i The extracting means has a branching section (210) 

Jf; 15 that branches a part of the wavelength division multiplexed 
optical signal output from the output facet 20 to obtain 
f|| a check signal. 

The check signal reintroducing means has first check 
terminal sections (220, 70), connected to the branching 
20 section (210), having an optical transmission wavelength 
bandwidth and an optical transmission wavelength 
characteristic equal to those of transmission waveguides 
40 that transmit a plurality of optical signals, and 
installed at the output facet 20. 
25 The check signal detecting means has a second check 

terminal section (60) installed at the same facet 10 as 
that for the input terminal 101 and having a predetermined 
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optical transmission wavelength characteristic. For 
example, the optical transmission wavelength 
characteristic is set so as to have a bandwidth about half 
of the optical transmission wavelength bandwidth of the 
transmission waveguides 40 transmitting a plurality of 
optical signals and to form two overlapping mountains, and 
in the optical transmission wavelength characteristic the 
center wavelength of the wavelength bands of the two 
overlapping mountains substantially equals a wavelength 
used as a reference corresponding to each of the plurality 
of transmitted optical signals. 

With the above configuration, the wavelength 
multiplexed optical signal output from the output facet 
20 of the multiplexing area 30 is branched by the branching 
section (210) to extract a check signal. The extracted 
check signal obtained is introduced into the multiplexing 
area 30 from the first check terminal sections (220, 70) 
again and output from the second check terminal sections 
( 60 ) as two check signals . On the basis of the output check 
signal, a control signal is output. 

By using the thus calculated control signal, an 
operation control section 240 can monitor and control the 
displacement of the wavelength of the optical signal input 
to the multiplexing area 30. 

The relationship between the width of the channel 
waveguide and the optical transmission wavelength band is 
not uniquely determined but this width and the optical 
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transmission wavelength band are definitely correlated to 
each other. That is, the wider the width of the channel 
waveguide is , the wider the optical transmission 
wavelength band is . 
5 Further, making the optical transmission wavelength 

band of a pair of channel waveguides narrow compared to 
the optical transmission wavelength band of a transmission 
channel waveguide, that is, making the width of the pair 
of monitoring channel waveguides narrow the width of the 
10 input transmission channel waveguide, thus downsizing of 
the optical multiplexing circuit. 

A specific example will be described below. 

(Specific Example) 
15 Now, a specific configuration of an optical 

multiplexer according to the present invention will be 

described with reference to FIGS. 1 to 9 . 

The optical multiplexer according to the present 

invention is roughly divided into an optical multiplexing 
20 circuit 1 including the multiplexing area 30, and a 

wavelength control circuit 200 having a function of 

monitoring and controlling the wavelength of an optical 

signal . 

The multiplexing area 30 is composed of a plurality 
25 of input channel waveguides 101 provided corresponding to 
a plurality of optical signals (wavelengths k x . \ 2 , . . . , 
X n ) , an input slab waveguide 102, an arrayed waveguide 103 
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composed of a plurality of optical waveguides with 
different optical path lengths, an output slab waveguide 
104, and a plurality of output channel waveguides 105, as 
shown in FIG. 25 for the conventional example, described 
previously. 

The wavelength control circuit 200 is composed of the 
areas other than the multiplexing area 30, and will be 
described in detail with reference to FIGS. 7 to 9, 
described later. 

(Optical Multiplexing Circuit) 

First, the optical multiplexing circuit will be 
described with reference to FIGS. 1 to 3 . 

FIG. 1 shows a configuration of the arrayed-waveguide 
grating type optical multiplexing circuit 1 according to 
the present invention. 

Reference numeral 10 corresponds to an input facet of 
the input slab waveguide 102, shown in FIG. 25. Reference 
numeral 20 corresponds to an output facet of the output 
slab waveguide 104, shown in FIG. 25. Thus, the 
multiplexing area 30 between the input facet 10 and the 
output facet 20 corresponds to the area including the 
components (input slab waveguide 102, arrayed waveguide 
103, and output slab waveguide 104) in FIG. 25. The 
connection between the input slab waveguide 102 and the 
output slab waveguide 104 will be described in further 
detail. 
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FIG. 1 shows a configuration of the input facet 10 and 
output facet 20 of the optical multiplexing circuit 1, 
including the multiplexing area 30. 

(Input End Surface) 

The input facet 10 is provided with the following 
members 40 and 60. 

Reference numeral 40 denotes input transmission 
channel waveguides. The plurality of transmission 
channel waveguides 40 constitute a group of transmission 
channel waveguides (Tl, T2 , . . . , Tn) . 

Reference numeral 60 denotes monitoring channel 
waveguides . The plural pairs of monitoring channel 
waveguides 60 constitute a group of monitoring channel 
waveguides ((Sll, S12), (S21, S22), . .., (Snl, Sn2)). 

Here, for example, an optical transmission wavelength 
band of each of input monitoring channel waveguides 60 is 
set equal to about half of the optical transmission 
wavelength band of the corresponding input transmission 
channel waveguide 40. 

In the multiplexing area 30, the input transmission 
channel waveguide 40 and each of monitoring channel 
waveguides 60 are structured as the input channel waveguide 
101 of FIG. 25. 

(Output End Surface) 
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The output facet 20 is provided with the following 
members 50 and 70. 

Reference numeral 50 denotes an output transmission 
channel waveguide (TO). 
5 Reference numeral 70 denotes an output monitoring 

channel waveguide (SO). 

Here, for example, an optical transmission wavelength 
band of each of the output monitoring channel waveguides 

H SO is set equal to the band of the output transmission 

o 

P io channel waveguide TO . 

jflj In the multiplexing area 30, the output transmission 

ft] channel waveguide 50 and the output monitoring channel 

Sir 

mh * waveguide 70 are structured as the output channel waveguide 

O 105 of FIG. 25. 

ru 

ru is 

m 

P (Installation Positions of the Waveguides) 

ru 

The output transmission channel waveguide TO is 
arranged at such a predetermined position so that, on 
condition that optical signals of the wavelengths K lr 

20 X 2 . ...,7^ are input to the input transmission channel 
waveguides Tl, T2 , Tn in the output slab waveguide 

104, the optical signals are multiplexed in the 
multiplexing area 30 and then output. 

Further, the input group of monitoring channel 

25 waveguides (Sll, S12), (S21, S22), . .., (Snl, Sn2) are 
arranged at such positions so that, on condition that 
multiplexed signals (that is, signals obtained by 
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extracting a part of a wavelength multiplexed signal 
composed of optical signals of the wavelengths \ x , X 2 , . . . , 
X n ) are input to the output monitoring channel waveguide 
SO in the input slab waveguide 102, the multiplexed signals 
are demultiplexed in the multiplexing area 30 and then 
output to the corresponding pairs of input monitoring 
channel waveguides , that is , the center wavelengths of the 
optical transmission wavelength characteristic that is 
obtained by synthesizing the optical transmission 
wavelength characteristics of the pairs of input 
monitoring channel waveguides (Sll, S12), (S21, S22), 
(Snl, Sn2) are equal to the wavelengths K ± , X 2 , . X n . 

(Optical Transmission Wavelength Characteristic) 

In this example, in FIG. 1, the shapes and positions 
of the waveguides in the multiplexing area 30 determine 
bands, such as the pair of monitoring optical transmission 
wavelength bands between the pair of first or second input 
monitoring channel waveguides 60 and the output monitoring 
channel waveguides 70, and the transmission optical 
transmission wavelength band between the input 
transmission channel waveguide 40 and the output 
transmission channel waveguide 50. In this case, each of 
the monitoring optical transmission wavelength bands is 
narrower than or is mutually equal to the transmission 
optical transmission wavelength band. 
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Here, there is a predetermined correlationship 
between the predetermined interval at which each of the 
plurality of input transmission channel waveguides 40 is 
arranged and the predetermined interval corresponding to 
5 the center position of each pair among pairs of input 
monitoring channel waveguides 60. 

The predetermined correlationship is such that the 
predetermined interval at which each of the input 
M transmission channel waveguides 40 is arranged is equal 

O io or is in proportion to the predetermined interval 

m 

f || corresponding to the center position of each pair among 

=rt pairs of input monitoring channel waveguides 60, 

w ' Further, the width of respective channel waveguides 

s 

Cl constituting the pair of input monitoring channel 

ru 

ry 15 waveguides 60 may be set smaller or larger than that of 

Cm 

rj the input transmission channel waveguide 40. 

m 

In this description, each of the monitoring optical 
transmission wavelength bands is narrower than the 
transmission optical transmission wavelength band, but 

20 this condition is not essential to the present invention. 
That is, the overlapping part in each of the monitoring 
optical transmission wavelength bands each other is 
important in detecting the displacement of the wavelength 
of an optical signal, and the width of the monitoring 

25 optical transmission wavelength band does not matter. 
A specific description will follow. 
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FIG. 2A shows the synthesized optical transmission 
wavelength characteristics between the input transmission 
channel waveguides Tl , T2 , . .., Tn and the output 
transmission channel waveguide TO . 

In this case, if an optical signal of the wavelength 
X x is input to the input transmission channel waveguide 
Tl, an optical signal of the wavelength X 2 is input to the 
input transmission channel waveguide T2 , and an 

optical signal of the wavelength >^ is input to the input 
transmission channel waveguide Tn, then these optical 
signals are synthesized and then output to the output 
transmission channel waveguide TO . 

FIG. 2B shows the optical transmission wavelength 
characteristics between the pair of input monitoring 
channel waveguides (Sll, S12) and the output monitoring 
channel waveguide SO . 

In this case, this optical transmission wavelength 
characteristic is set so that the pair of input monitoring 
channel waveguides (Sll, S12) each have a band set equal 
to about half of the optical transmission wavelength band 
of the corresponding transmission channel waveguide 40, 
the optical transmission wavelength characteristics 
between the input monitoring channel waveguides Sll and 
S12 form two overlapping mountains, and the intersection 
between the optical transmission wavelength 
characteristics thereof becomes equal to the wavelength 



i • 
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ill 
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ru 



Under these set conditions, if an optical signal of 
the wavelength X x is input from the output monitoring 
channel waveguide SO, it is divided into two signals, which 
are then output to the input monitoring channel waveguides 
Sll and S12. 

As shown in FIG. 2B, the division into two means that 
in the relationship between the wavelength bands of the 
monitoring channel waveguides Sll and S12, wavelength 
areas are located over and under the wavelength X 1# 



a 

p 10 respectively 



ft. 5. .5 

f |i Thus, if, for example, the wavelength of an optical 

signal is shifted to a shorter wavelength than X x . this 
signal is divided into a larger part output to the input 
monitoring channel waveguide Sll and a smaller part output 
15 to the input monitoring channel waveguide S12. 

cn 

p In contrast, if the wavelength of an optical signal 

is shifted to a longer wavelength than X lf this signal is 
divided into a smaller part output to the input monitoring 
channel waveguide Sll and a larger part output to the input 
20 monitoring channel waveguide S12. 

In this manner, how much the wavelength of an optical 
signal has shifted relative to a predetermined value can 
be detected according to changes in the magnitudes of 
optical signals output to the input monitoring channel 
25 waveguides Sll and S12. 

Accordingly, the monitoring channel waveguides are 
arranged so that the center wavelengths of the wavelength 
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bands obtained by synthesizing the optical transmission 
wavelength characteristics of each pair among the plural 
pairs of input monitoring channel waveguides (Sll, S12), 
(S21, S22), . .., (Snl, Sn2 ) become equal to the center 

wavelengths X 1# X 2 , . . . , X n of the optical transmission 
wavelength band of each transmission channel waveguide, 
that is, the wavelengths become equal to wavelengths as 
references corresponding to each of the plurality of 
transmitted optical signals. 

FIG. 2C shows the synthesized optical transmission 
wavelength characteristics between the group of pairs of 
input monitoring channel waveguides (Sll, S12), (S21, 
S22), (Snl, Sn2) and the output monitoring channel 

waveguide SO, which are arranged so as to establish the 
above positional relationship. 

In this case, if a signal obtained by multiplexing the 
wavelengths X lf X 2 , . . . , is input to the output monitoring 
channel waveguide SO, each of optical signals of the above 
wavelengths is demultiplexed, and then is output to the 
respective pairs of input monitoring channel waveguides. 
Further, each of the wavelengths X lf \ 2 , . . . , X n is located 
at the center of the optical transmission wavelength 
characteristic of each pair of input monitoring channel 
waveguides . 

For example, an optical signal of the wavelength X 2 
obtained from the output monitoring channel waveguide SO 
is demultiplexed and then is output to the pair of input 
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monitoring channel waveguides (S21, S22). In this case, 
the wavelength X 2 is located at the center of the optical 
transmission wavelength characteristics of the pair of 
input monitoring channel waveguides (S21, S22). 
5 If the transmission channel waveguides 40 and 50 and 

the monitoring channel waveguides 60 and 70 are arranged 
so as to establish the above relationship , the interval 
between centers of the input transmission channel 
waveguides 40 (Tl, T2 , . .., Tn) generally equals the 
10 distance determined based on the relationship between the 
wavelength and parameters for the optical multiplexing 
circuit 1. Further, this distance equals the mutual 
interval between the centers of each pair of corresponding 
input monitoring channel waveguides ((Sll, S12), (S21, 



fU 15 S22), . .., or (Snl, Sn2 ) ) . 

ru 

Ifi However, the centers of the input transmission channel 



waveguides 40 and the centers of pair of the input 

monitoring channel waveguides 60 need not be arranged at 

predetermined intervals . It is important to maintain 
20 predetermined distances between the transmission channel 

waveguides 40 as well as between the monitoring channel 

waveguides 60. 

In the description of FIG. 2, the optical transmission 

wavelength band of the monitoring channel waveguide is set 
25 narrower than that of the transmission channel waveguide. 

This is applicable to the following description. 
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(Variation) 

A variation of the optical multiplexing circuit 1 will 
be described with reference to FIG. 3. 

The transmission channel waveguides 40 and the 
monitoring channel waveguides 60 need not be completely 
alternately arranged together, but as shown in FIG. 3A, 
may be arranged so that the transmission channel waveguides 
40 or the monitoring channel waveguides 60 channel 
waveguides sandwich the monitoring channel waveguide 60 
or the transmission channel waveguide 40, respectively. 
Alternatively, as shown in FIG. 3B, the transmission 
channel waveguides 40 and the monitoring channel 
waveguides 60 may be arranged so as not to sandwich each 
other. 

In the above description, it is assumed that the 
optical transmission wavelength characteristics of each 
pair of input monitoring channel waveguides 60 have the 
same shape and that the optical signal is divided into two 
equal channels at the center wavelength of the pair. 

However, in general, the optical transmission 
wavelength characteristics of these channels do not always 
have perfectly the same shape due to manufacture deviations . 
In such a case, as described later, the optical 
transmission wavelength characteristics of both 
monitoring channel waveguides 60 of the pair can be 
measured, stored in an external circuit , and then corrected. 
Consequently, the optical transmission wavelengths of 
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each pair of monitoring channel waveguides 60 need not have 
perfectly the same shape. 

Here, an explanation will be given of the reason why 
the following expression has been used: "the optical 
transmission wavelength band of the output monitoring 
channel waveguide 70 is nearly equal to that of the 
transmission channel waveguide 40" or "the optical 
transmission wavelength band of the input monitoring 
channel waveguide 60 is about half of that of the 
transmission channel waveguide 40". 

The optical transmission wavelength band of each 
channel waveguide is commonly set wide enough to 
accommodate a band required to transmit an optical signal. 
Accordingly, the optical transmission wavelength band of 
each channel waveguide commonly has a margin, and normally 
need not be precisely "equal" to or "half" of that of the 
corresponding channel waveguide. These points are 
applicable to the examples described below. 

(Structures of the Input /Output Slab Waveguides) 

Now, the structures of the facet portions of the input 

slab waveguide 102 and output slab waveguide 104 will be 

described with reference to FIGS. 4 to 6 • 

FIG. 4 shows the internal configuration of the 

multiplexing circuit 1 in FIG. 1. This configuration will 

be described below in detail with reference to FIGS. 5 and 

6. 
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FIG. 5 shows the structure of the facet portion of the 
input slab waveguide 102. 

At the input facet 10 (first facet) of the input slab 
waveguide 102, the input transmission channel waveguides 
3 40 of the group of input transmission channel waveguides 
Tl, T2, . . . , Tn are arranged at predetermined intervals. 

The predetermined intervals are determined on a 
well-known design method depending on the wavelengths of 
transmitted optical signals, the distance between the 
p 10 facet 10 of the slab waveguide 102 and the opposite facet 
11 (at which the arrayed waveguide is arranged), and the 
like. The expression "predetermined intervals" will have 
a similar meaning in the following description. 



hi 



O In the group of pairs of input monitoring channel 

fU 

ftj 15 waveguides ((Sll, S12), (S21, S22), (Snl, Sn2 ) ) , each 

m 

p pair of input transmission channel waveguides are arranged 

§ " so that the center position of each pair is arranged at 

predetermined interval. 

For example, this interval is set between the center 
20 position (that is, a branch root P) among the pair of input 
monitoring channel waveguides (Sll, S12) and the center 
position (that is, a branch root Q) among the pair of input 
monitoring channel waveguides (S21, S22). 

Further, FIG. 5 shows the waveguide width of the input 
25 monitoring channel waveguides 60 constituting each pair 
of input monitoring channel waveguides is set narrower than 
that of the input transmission channel waveguide 40. In 
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this manner, the waveguide width of the input monitoring 
channel waveguides 60 may be set substantially half of that 
of the input transmission channel waveguide 40. 
Furthermore, the waveguide width of the input monitoring 
channel waveguides 60 is set narrower than that of the input 
transmission channel waveguide 40, downsizing the optical 
multiplexing circuit . 

FIG. 6 shows the structure of the facet portion of the 
output slab waveguide 104. 

At the output facet 20 (fourth facet) of the output 
slab waveguide 104, the output transmission channel 
waveguide 50 (TO) is located relative to the corresponding 
input transmission channel waveguides 40 arranged at the 
input facet 10 (first facet) of the input slab waveguide 
102. 

This relative positional relationship is such that the 
output transmission channel waveguide 50 (TO) is arranged 
at such a position that it can multiplex a plurality of 
optical signals of different wavelengths transmitted from 
the group of input transmission channel waveguides Tl, 
T2, Tn to generate a multiplexed beam (wavelengths 

^•1 * ^2 ' • • • ' ) • 

Further, the output monitoring channel waveguide 70 
(SO) is located relative to each pair of input monitoring 
channel waveguides 60 arranged at the facet 10 (first 
facet) of the input slab waveguide 102. 
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This relative positional relationship is such that the 
output monitoring channel waveguide 70 (SO) is arranged 
at such a position that it can generate demultiplexed 
signals guided to each pair of input monitoring channel 
waveguides 60. 

That is, when a multiplexed beam (wavelengths X lf 
A, 2 , . . . , >0 is output from the output monitoring channel 
waveguide 70 (SO), an optical signal of the wavelength X. x 
is guided to the pair of input monitoring channel 
waveguides (Sll, S12). At this time, an optical signal 
of a wavelength X x + is input to the input monitoring channel 
waveguide Sll, while an optical signal of a wavelength 
is input to the input monitoring channel waveguide S12. 

In the following description, the wavelength \ ± + 
represents an optical signal component having a wavelength 
longer or shorter than the wavelength X lf whereas the 
wavelength represents an optical signal component 

having a wavelength shorter or longer than the wavelength 

X 1 . The symbols + and - are used simply to make the 
description more understandable and has no physical 
meanings . 

(Wavelength Control Circuit) 

Now, the wavelength control circuit 200 will be 
described with reference to FIGS. 7 to 9 . 

FIG. 7 shows an example of the configuration of the 
wavelength control circuit 200. 
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The wavelength control circuit 200 is composed of the 
areas other than the optical multiplexing circuit 1 
described previously. This circuit will be described 
below in detail. 
5 Reference numeral 210 denotes an optical branching 

circuit (CO) . 

Reference numeral 215 denotes an optical waveguide 
(C01) that outputs a main signal (wavelength multiplexed 
signal) . 

□ 10 Reference numeral 220 denotes an optical waveguide 

CO (C02) that connects the optical branching circuit CO 

fij 

Lei extracting a part of the main signal, to the output 

= S 2 

::: 

[*] monitoring channel waveguide SO. 

L Reference numeral 230 denotes a control signal 

^ 15 extracting circuits (CI, C2, . . . , Cn) that output control 

fil 

Cn signals for controlling wavelengths from electrooptic 

□ 

ry conversion circuits LI, L2, . . . , Ln to predetermined 

values . 

Reference numeral 23 5 denotes a signal lines that 
20 connect the control signal extracting circuits (CI, C2, 
Cn) and the electrooptic conversion circuits (LI, L2, 
Ln) together. 

Reference numeral 240 denotes the electrooptic 
conversion circuits (LI, L2, Ln) each composed of 

25 laser diodes and drive and control circuits therefor. 
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Reference numeral 2 50 denotes input terminals (II, 
12 , . In) for n channels electric signals to be 
transmitted. 

Next , operations of the wavelength control circuit 200 
5 will be described. 

The optical branching circuit CO receives an output 
from the output transmission channel waveguide TO of the 
optical multiplexing circuit 1 as an input, and outputs 
most of this input to the main-signal-side optical 
10 waveguide C01, while outputting a part of this main signal, 
normally about 10% thereof, to the optical waveguide C02. 

In this case, as shown in FIG. 8, the optical waveguide 
C01 and the optical waveguide CO 2 are arranged in proximity 
inside the optical branching circuit CO. Here, an optical 
15 signal (multiplexed signal) input from the output 

transmission channel waveguide 50 (TO) is branched and 
output to the output -terminal -side optical waveguides C01 
and C02. This optical branching ratio can be varied 
depending on the degree of coupling between the optical 
20 waveguides C01 and C02. 

Then, the thus branched and output optical signal is 
input to the output monitoring channel waveguide SO of the 
optical multiplexing circuit 1 via the optical waveguide 
C02. 

25 As shown by the broken line in FIG. 4 (FIG. 4 shows 

a signal of the wavelength X x ) , the optical signal input 
to the monitoring channel waveguide SO of the output facet 
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20 travels to the opposite input facet 10 within the 
multiplexing area 30 and again is demultiplexed into 
different optical signals, which are then guided to the 
corresponding each pair of input monitoring channel 
waveguides ((Sll, S12), (S21, S22), . (Snl, Sn2)). 

(Optical Transmission Wavelength Characteristic) 

Then, the optical transmission wavelength 
characteristic will be described. 

FIGS . 9A to 9D are enlarged views useful in describing 
in detail the distribution of an optical signal between 
the pair of monitoring channel waveguides (Sll, S12). 

FIG. 9A shows the optical transmission wavelength 
characteristic between the input transmission channel 
waveguide Tl and the output transmission channel waveguide 
TO. This figure schematically shows that beams pass 
through the waveguides within a predetermined range around 
the wavelength \ x and gradually attenuate in the other 
wavelength areas. 

FIG. 9B shows the optical transmission wavelength 
characteristics between the output monitoring channel 
waveguide SO and the pair of input monitoring channel 
waveguides (Sll, S12) . 

FIG. 9C shows the optical transmission wavelength 
characteristic between the output monitoring channel 
waveguide SO and the input monitoring channel waveguide 
Sll. 
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FIG. 9D shows the optical transmission wavelength 
characteristic between the output monitoring channel 
waveguide SO and the input monitoring channel waveguide 
S12. 

5 Here, as shown in FIG. 9B, if the wavelength of the 

optical signal equals the reference value X x . then the 
optical signal is divided into two equal areas because the 
waveguides Sll and S12 have an equal optical transmittance 
each other. Thus, optical signals corresponding to 

□ 10 magnitudes shown by the arrows in FIGS. 9C and 9D are output 

Q 

in to the input monitoring channel waveguides Sll and S12. 

Jj Then, for example, as shown in FIG. 9B, if the 

[!s wavelength of the optical signal is shifted to X. x ' of the 

long wavelength side, an optical transmittance of the 
[U 15 waveguide Sll becomes smaller, while an optical 
m transmittance of the waveguide S12 becomes larger. 

«[j Accordingly, as shown by the arrows in FIG. 9C, the output 

to the waveguide Sll becomes smaller, whereas as shown by 
the arrows in FIG. 9D, the output to the waveguide S12 
20 becomes larger. 

Further, the reverse situation occurs when the 
wavelength of the optical signal is biased toward the short 
wavelength side. 

Such changes in wavelength differentially change in 
25 the outputs from the pair of the input monitoring channel 
waveguides based on shifting the wavelength, the one output 
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becomes larger, while the other output becomes smaller, 
that is, the output is changed differentially. 

In the control signal extracting circuit CI, for 
example, a differential amplifying circuit or the like can 
5 convert a + voltage when the wavelength is biased toward 
the long wavelength side or a - voltage when wavelength 
is biased toward the short wavelength side into a control 
signal showing the shift of wavelength. 

In this description, the optical transmission 
M 10 wavelength characteristics of each pair of input 
fa monitoring channel waveguides are assumed to have the same 

if;* : 

;Ji shape, but this assumption is not always true due to 

ij{ manufacture deviations or the like as described previously. 

i y 

W in such a case, the optical transmission wavelength 

s 

O 15 characteristics of both monitoring channel waveguides of 

ru 

HI the pair can be previously measured, the difference thereof 

%l can be measured, stored, and then corrected in the control 

iy signal extracting circuits CI, C2, . . . , Cn. Consequently, 

both channels of each pair of monitoring channel waveguides 
20 need not always have the same optical transmission 

wavelength characteristic. This condition is applicable 
to the arrangements in the following examples. 

Then, the thus extracted control signal is supplied 
to a control end of the electrooptic conversion circuit 
25 LI to maintain output optical wavelength at the reference 
value. The electrooptic conversion circuit is generally 
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composed of laser diodes , and in such a case, the wavelength 
can be controlled using drive bias current or temperature. 

As described above, the optical multiplexing circuit 
1 of the present invention uses the demultiplexing function 
5 integrally formed therein to demultiplex a multiplexed 
signal again and then extract demultiplexed optical 
signals from the two differential output terminals. 
Consequently, it can be provided a control that the 
deviations of the wavelengths are detected and minimized. 

10 This eliminates the need for the conventional 

structure in which the optical demultiplexing circuit is 
externally installed and in which the deviations of 
demultiplexed signals are detected by a filter or the like, 
and then the wavelength of an electrooptic conversion 

15 circuit, that is, laser diodes, is controlled based on the 
results of the detection, thus downsizing the circuit. 
Therefore, in particular, even if the wavelength 
multiplexing number increases to 16 or 32, burdens 
associated with implementation can be reduced, and costs 

20 can be significantly reduced. 



( Integration) 

In FIG. 7, the multiplexing area 30, the output 
transmission channel waveguide 50 (TO), the output 
25 monitoring channel waveguide 70 (SO), the optical 

branching circuit 210, and the optical waveguide 220 
connecting between the optical branching circuit 210 and 
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the output monitoring channel waveguide 70 can be 
integrated together in the same body. This provides a 
further compact configuration. This integration can be 
easily achieved using a well-known IC process technique. 

5 

[Second Example] 

A second embodiment of the present invention will be 
described with reference to FIGS. 10 to 16 . The same parts 
as those in the first example, described previously, will 

s : 

III io not be described but are denoted by the same reference 

~~~ 

fi\ numerals . 

1 ~~ ? 

(Outline) 

UJ 

2 An outline of the present invention will be provided. 

□ 

ry 15 In this example, as shown in FIGS. 10 and 15, described 

fll 

later, the components of an optical multiplexing circuit 
If, are constructed as follows. 

5 = 3 

r "sr 

Extracting means has a branching section 310 that 
branches a part of a wavelength multiplexed signal output 
20 from the output facet 20 to extract a check signal. 

Check signal reintroducing means has third check 
terminal sections (220, 60) connected to the branching 
section (310), having a optical transmission wavelength 
bandwidth and characteristic equal to those of the 
25 transmission waveguide 50 transmitting a plurality of 
optical signals, and installed at the input facet 10. 
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Check signal detecting means has fourth check terminal 
sections (70) installed at the output facet 20 and having 
an optical transmission wavelength characteristic set so 
that, for example, bandwidth about half of the optical 
5 transmission wavelength bandwidth of the transmission 
waveguides 40 transmitting a plurality of optical signals 
are included and two overlapping mountains are formed, and 
the center wavelength of the wavelength bands of the two 
overlapping mountains substantially nearly equals a 
C| io wavelength used as a reference corresponding to each of 
0) the plurality of transmitted optical signals . 

ui With the above configuration, a wavelength 

[!] multiplexed optical signal output from the output facet 

20 of the multiplexing area 30 is branched by the branching 

[|| is section (310) to extract a check signal. The extracted 

ill 

£n check signal is introduced into the multiplexing area 30 

Q 

flj from the third check terminal sections (220, 60) again and 

output from the fourth check terminal sections (70) as two 
check signals . On the basis of the two output check signals , 
20 a control signal is output . 

A specific example will be described below. 



(Specific Example) 

Now, a specific configuration of an optical 
25 multiplexer according to the present invention will be 
described with reference to FIGS. 10 to 16. 
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The optical multiplexer according to the present 
invention is roughly divided into the optical multiplexing 
circuit 1 including the multiplexing area 30 , and a 
wavelength control circuit 300 having a function of 
5 monitoring and controlling the wavelength of an optical 
signal . 



(Optical Multiplexing Circuit) 

First, the optical multiplexing circuit 1 will be 

O 10 described with reference to FIGS. 10 and 11. 

u 

FIG* 10 shows the configuration of the optical 
multiplexing circuit 1 . 



ru 



( Input Facet ) 

ft! 15 At the input facet 10, the plurality of transmission 

f! 1 

pi channel waveguides 40 are arranged at predetermined 



intervals to constitute the group of input transmission 

channel waveguides Tl, T2 , . .., Tn. 

Further, one monitoring channel waveguide 60 (SI) 
20 having an optical transmission wavelength band nearly 

equal to that of the output transmission channel waveguide 

50 is arranged, for example, at a predetermined position 

between the group of input transmission channel waveguides 

Tl, T2, . . . , Tn. 
25 In the multiplexing area 30, the input transmission 

channel waveguides 40 and the monitoring channel 
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waveguides 60 are constructed as the input channel 
waveguides 101 of FIG. 25. 

(Output Facet) 

5 At the output facet 20, the output transmission 

channel waveguide 50 (TO) having an optical transmission 
wavelength band nearly equal to that of the input 
transmission channel waveguide 40 is arranged where a 
plurality of optical signals of different wavelengths (X lf 

* f " 10 X 2 , . . • , X n ) travelling from the group of input transmission 

u 

□ channel waveguides Tl, T2, . . . , Tn are multiplexed and are 

fll output . 

=H Furthermore , the plurality of monitoring channel 

Hl waveguides 7 0 constitute the group of output monitoring 

O 15 channel waveguides (S011 # SO 12), (S021, S022), . .., (S0nl # 

ru 

ry son2). 

'q The group of output monitoring channel waveguides are 

arranged, such positions that when a multiplexed optical 
signal (wavelengths X lr \ 2 , ?0 is input to the input 

20 monitoring channel waveguide SI, the multiplexed optical 
signal is demultiplexed, and then these demultiplexed 
sinals are output according to the respective wavelengths. 

In the multiplexing area 30, the output transmission 
channel waveguide 50 and the plurality of monitoring 

25 channel waveguides 70 are constructed as the output channel 
waveguides 105 of FIG. 25. 



- 47 - 



(Optical Transmission Wavelength Characteristic) 

Here, optical transmission wavelength characteristic 
will be described. 

In this example, in FIG. 10, the shapes of the 
5 waveguides in the multiplexing area 30 determine bands, 
such as, the pair of monitoring optical transmission 
wavelength bands between the input monitoring channel 
waveguides 60 and the pair of first and second output 
monitoring channel waveguides 70, and the transmission 
Q io optical transmission wavelength band between the input 
fo transmission channel waveguides 40 and the output 

l ll transmission channel waveguide 50. In this case, each of 

\ h \ the monitoring optical transmission wavelength bands may 

« be narrower than the transmission optical transmission 

; : 
•=sr 

FU is wavelength band, and may be mutually equal each other, 
ffl The optical transmission wavelength characteristic 

will be described in further detail. 

Hi 

In each output monitoring channel waveguide 70, for 
example, an optical transmission wavelength band is 

20 smaller than that of the transmission channel waveguides 
40 and 50. Also, the optical transmission wavelength 
characteristics of the pair of output monitoring channel 
waveguides (for example, (SOU, SO 12)) form two mountains . 
Further, the wavelength band obtained by synthesizing the 

25 two optical transmission wavelength characteristics is 
nearly equal to that of the transmission channel waveguides 
40 and 50. Then, the center wavelength of this wavelength 
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band equals a wavelength used as a reference corresponding 
to each of the plurality of transmitted optical signals. 

FIG. 11A shows the synthesized optical transmission 
wavelength characteristics between the group of input 
5 transmission channel waveguides Tl, T2, . . . , Tn and the 
output transmission channel waveguide TO. 

This figure indicates that optical signals, each 
having a wavelength near the wavelength X l9 \ 2 , . .., A^, 
input from the waveguides Tl, T2 , . . . , Tn are multiplexed 

10 and output, and no output is obtained when the wavelength 
of each optical signal deviates significantly from the 
wavelength k lf A. 2 , . . . , X n . 

FIG. 11B shows the optical transmission wavelength 
characteristics between the input monitoring channel 

15 waveguide SI and the pair of output monitoring channel 
waveguides (SOU, S012). 

When the wavelength of the optical signal equals the 
reference value A x , then both monitoring channel waveguides 
have an equal optical transmission wavelength 

20 characteristic, and the optical signal is divided into two 
equal signals, which are then output to the respective 
channels. When the wavelength is shifted from the 
reference value X 1 to a longer wavelength side or a shorter 
wavelength side, as the optical transmittances of both 

25 monitoring channel waveguides are different , an optical 
output of any one of channels increases and an optical 
output of the other channel decreases . 
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FIG. 11C shows the synthesized optical transmission 
wavelength characteristics between the input and output 
monitoring channel waveguides. 

In the optical multiplexing circuit 1 characterized 
5 as described above, when a plurality of optical signals 
of different wavelengths are input to the group of input 
transmission channel waveguides Tl, T2 , Tn, then a 

multiplexed output is obtained from the output 
transmission channel waveguide TO. 
Cj 10 By extracting a part of this multiplexed output and 

m inputting this part to the input monitoring channel 

FU 

^[j waveguide SI, a control signal indicative of the 

?i i 

displacement of wavelength of each signal is obtained from 

J„ s the group of output monitoring channel waveguides (SOU, 

Rl 15 S012), (S021, S022), (SOnl, S0n2). 

ru 

tP On the basis of this control signals, the electrooptic 

fy conversion circuits LI, L2, . . . , Ln in FIG. 15, described 

later, can be controlled to control the output optical 
wavelength so as to become a predetermined value . 

20 

(Structures of the Input/Output Slab Waveguides) 

Now, the structures of the facet portions of the input 
slab waveguide 102 and output slab waveguide 104 will be 
described with reference to FIGS. 12 to 14. 
25 FIG. 12 shows the internal configuration of the 

multiplexing circuit 1 in FIG. 1. The structures will be 
described below with reference to FIGS. 13 and 14. 
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FIG. 13 shows the structure of the facet of the input 
slab waveguide 102. 

At the input facet 10 (first facet) of the input slab 
waveguide 102, the group of input transmission channel 
waveguides Tl, T2 , . . . , Tn are arranged at predetermined 
intervals . 

Further, the input transmission channel waveguide 60 
is located relative to the corresponding pair of output 
transmission channel waveguides 70 arranged at the facet 
20 (fourth facet) of the output slab waveguide 104. 

This relative positional relationship is such that the 
input transmission channel waveguide 60 is arranged at such 
a position so as to generate demultiplexed beams guided 
to each pair of output monitoring channel waveguides 70. 

That is, when a multiplexed beam (wavelengths X ± , 
X 2 , . . . , X n ) is output from the input monitoring channel 
waveguide 60, an optical signal of the wavelength^ is 
guided to the pair of output monitoring channel waveguides 
(SOU, S012). At this time, an optical signal of the 
wavelength \ x + is input to the output monitoring channel 
waveguide SOU, while an optical signal of the wavelength 

^i- is input to the output monitoring channel waveguide 
S012. 

FIG. 14 shows the structure of the facet of the output 
slab waveguide 104. 

At the output facet 20 (fourth facet) of the output 
slab waveguide 104, each pair of output monitoring channel 
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waveguides constituting the group of output monitoring 
channel waveguides (( SOU , S012 ) , (S021,S022), (SOnl, 
S0n2 ) ) is arranged so that the center positions of each 
pair is spaced at predetermined interval. 

For example, the interval between the center position 
(that is, the branch root P) among the pair of output 
monitoring channel waveguides (SOU, SO 12) and the center 
position (that is, the branch root Q) among the pair of 
output monitoring channel waveguides (S021, S022) is 
arranged so as to be a predetermined interval. 

Further, in FIG. 14, for example, the waveguide width 
of the output monitoring channel waveguides 70 
constituting each pair of output monitoring channel 
waveguides may be set narrower than that of the output 
transmission channel waveguide 50 (TO) or set equal to 
about half thereof. This figure shows that the waveguide 
width of the output monitoring channel waveguide 70 is set 
narrower than that of the output transmission channel 
waveguide 50 (TO) , thus downsizing the size of the optical 
multiplexing circuit . 

The output transmission channel waveguide 50 (TO) is 
located relative to the group of input transmission channel 
waveguides Tl, T2, ... , Tn arranged at the input facet 
10 (first facet) of the input slab waveguide 102. 

This relative positional relationship is such that the 
output transmission channel waveguide 50 (TO) is arranged 
at such a position that a plurality of optical signals of 
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different wavelengths transmitted from the group of input 
transmission channel waveguides Tl , T2 , . .., Tn are 
multiplexed to generate a multiplexed beam (wavelengths 

^•1 ' ^2 ' • • • # ) • 

In the above description , as shown in FIG. 10, the 
input monitoring channel waveguide 60 is arranged between 
the input transmission channel waveguides 40. However, 
it is necessary to maintain the relative positional 
relationships between the input transmission channel 
waveguides 40 and the output transmission channel 
waveguide 50 as well as between the input monitoring 
channel waveguide 60 and the output monitoring channel 
waveguides 70, and the mutual positional relationship 
between these two sets of channel waveguides can be changed. 
That is, in FIG. 10, with the relative positions maintained 
between the input monitoring channel waveguides 60 and the 
output monitoring channel waveguides 70, the input 
monitoring channel waveguides 60 may each be installed at 
such a position that is not sandwiched between the input 
transmission channel waveguides 40 (that is, the input 
monitoring channel waveguide 60 may be moved downward in 
FIG. 10). This situation is similar to FIG. 3, described 
previously in the first example. 

(Wavelength Control Circuit) 

Next, the wavelength control circuit 300 will be 
described with reference to FIGS. 15 and 16. 



- 53 - 



FIG. 15 shows an example of the wavelength control 
circuit 300 . 

Reference numeral 310 denotes an optical branching 
circuit (CO) that outputs a part , normally about 10%, of 
5 a multiplexed optical signal output to the output 
transmission channel waveguide TO, to the optical 
waveguide 220 (C02) for branch output, while outputting 
most of the signal to the optical waveguide C01 for 
outputting a main signal. This optical branching circuit 

10 310 has the same configuration as that of the optical 
branching circuit 210 of the above described first example 
(see FIG. 8) . 

Reference numeral 320 denotes a control signal 
extracting circuit that detects a difference between 

15 optical signals from each pair of output monitoring channel 
waveguides 70 of the group of output monitoring channel 

waveguides (SOU, S012), (S021, S022), , (SOnl, S0n2) 

and then outputs the result to a corresponding signal line 
CS01, CS02, ... , CSOn as an electric signal. 

20 These signal lines CS01, CS02, . . . , CSOn are connected 

to control terminals LCI, LC2 , . . . , LCn of the electrooptic 
conversion circuits LI, L2 , Ln. 

The circuit also has the arrangements described below. 
The input terminals II, 12, In for n electric 

25 signals to be transmitted and the electrooptic conversion 
circuits LI, L2, . . . , Ln are structured as FIG. 7 of the 
first example, described previously. 
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As shown in FIG. 10, the optical multiplexing circuit 
1 is structured by the input waveguides Tl, T2, . . . , Tn 
and SI as well as the output waveguides (SOU, S012), (S021, 
S022), . .., (SOnl, S0n2) and TO. 
5 Now, operations of the wavelength control circuit 300 

will be described. 

First, a plurality of electric signals to be 
transmitted are input to the electric signal input 
terminals II, 12, . . . , In, and then converted into optical 
10 signals of respective predetermined wavelengths \ x , \ 2 , 

CO X n in the electrooptic conversion circuit normally composed 

ry 

J\ of laser diodes and a control circuit therefor. The 

fli 

j^j optical signals obtained are then input to the input 

jLj transmission channel waveguides Tl , T2, Tn of the 

[j( 15 optical multiplexing circuit 1, which are connected to the 
£n output terminals for these signals . These optical signals 

ry then travel through the optical multiplexing circuit 1, 

where they are multiplexed. The multiplexed optical 
signal is output to the output transmission channel 
20 waveguide TO. 

Then, a part, normally about 10%, of the multiplexed 
optical signal is output to the branch output terminal C02 
by the optical branching circuit CO, and then is input to 
the input monitoring channel waveguide SI. Then, the 
25 multiplexed optical signal is demultiplexed into optical 
signals of the wavelengths X lf X 2 , . . . , X n again, and then 
these demultiplexed signals are output to corresponding 
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to the group of monitoring channel waveguides (SOU, SO 12 ) , 
(S021, S022), ... , (SOnl, S0n2). 

FIGS. 16A to 16C show operations of each pair of output 
monitoring channel waveguides . 
5 Here , the pair of output monitoring channel waveguides 

(SOU, S012) will be described by way of example. 

FIG. 16A shows the synthesized optical transmission 
wavelength characteristics between the input monitoring 
channel waveguide SI and the pair of output monitoring 
C3 10 channel waveguides (SOU, S012). 

L-l 

*0 When the wavelength of a transmitted optical signal 

equals the reference value \ x , the optical signal is divided 
in two signals, which are then uniformly output to the 
waveguides SOU and S012. However, if the wavelength is 
15 shifted to, for example, X x ' , the waveguide S012 has a 
higher optical transmittance than the waveguide SOU, so 
that smaller part of the optical signal is output to the 
waveguide SOU, while a larger part thereof is output to 
the waveguide S012. 
20 FIG. 16B shows a part of FIG. 16A by using arrows to 

indicate the magnitude of the corresponding signal. That 
is, this figure shows the optical transmission wavelength 
characteristic between the input monitoring channel 
waveguide SI and one output monitoring channel waveguide 
25 SOU of the pair of output monitoring channel waveguides 
(SOU, S012). 



ru 
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FIG. 16C shows a part of FIG. 16A by using arrows to 
indicate the magnitude of the corresponding signal. That 
is, this figure shows the optical transmission wavelength 
characteristic between the input monitoring channel 
5 waveguide SI and the other output monitoring channel 
waveguide SO 12 of the pair of output monitoring channel 
waveguides (SOU, S012). 

Such a change in signal wavelength appears as a 
difference between outputs from both monitoring channel 

10 waveguides. The difference between the optical signals 
is converted into an electric signal that indicates how 
much the wavelength is biased toward the long or short 
wavelength side, by a differential amplifying circuit or 
the like of the control signal extracting circuit CS1, 

15 CS2 , CSn. These output are provided to the control 

terminal LCI, LC2 , . . . , LCn of the electrooptic conversion 
circuit through the output terminal CS01, CS02, . . . , CSOn 
to control the output wavelength of the electrooptic 
conversion circuit to a predetermined value. 

20 By this operation, an output from the output 

transmission channel waveguide TO is controlled to the 
reference value, and then is extracted from the main signal 
output terminal C01 of the optical branching circuit CO 
to another circuit . 

25 In the above description, as shown in FIG. 16A, it is 

assumed in that the output monitoring channel waveguides 
SOI and S02 have an equal optical transmission wavelength 
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characteristic each other, and that when the wavelength 
equals X lw the optical signal is divided into two signals 
of the same magnitude, which are then output to the 
waveguides SOU and SO 12. However, this condition is not 
5 always required as described previously. 



(Integration) 

In FIG. 15, the multiplexing area 30, the output 
transmission channel waveguide 50 (TO), and the optical 
10 branching circuit 310 (CO) may be integrated together in 
the same body. This configuration produces effects 
ru similar to those of the first example, described 

fll previously. 

hi 



15 [Third Example] 

A third embodiment of the present invention will be 
described with reference to FIGS. 17 to 24. The same parts 
as those in the examples described previously will not be 
described but are denoted by the same reference numerals . 

20 

(Outline) 

An outline of the present invention will be provided. 
In this example, as shown in FIGS. 17 and 22, described 
later, the components of an optical multiplexing circuit 
25 are constructed as follows. 

Extracting means has fifth check terminal sections 
(that is, the transmission channel waveguides 50) 
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installed at the output facet 20 of the multiplexing area 
30 and having an optical transmission wavelength 
characteristic set, for example, so as to have a narrower 
bandwidth than optical transmission wavelength bandwidth 
5 of the transmission waveguides 40 transmitting a plurality 
of optical signals and to form two overlapping mountains 
in which the center wavelength of the wavelength bands of 
the two overlapping mountains substantially equals a 
wavelength used as a reference corresponding to each of 

10 the plurality of transmitted optical signals. 

Furthermore, this extracting means is provided with 
a branching section (410) for branching a part of a 
wavelength division multiplexed optical signal outputted 
from the fifth check terminal sections (that is, the 

15 transmission channel waveguides 50) to provide a check 
signal . 

Check signal reintroducing means further has sixth 
check terminal sections (420, 70) connected to the 
branching section (410), installed at the same facet 20 

20 as that for the fifth check terminal section (that is, the 
transmission channel waveguides 50), and having a 
bandwidth and an optical transmission wavelength 
characteristic nearly equal to those of the fifth check 
terminal sections (50). 

25 Check signal detecting means has seventh check 

terminal sections (60) installed at the input facet 10 and 
having a bandwidth and an optical transmission wavelength 
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characteristic nearly equal to those of the fifth check 
terminal sections (that is, the transmission channel 
waveguides 50). 

With the above configuration, a wavelength division 
5 multiplexed optical signal output from the fifth check 
terminal sections (that is, the transmission channel 
waveguides 50) that is structured as the output terminals 
of the multiplexing area 30, is branched by the branching 
section (410) to produce a check signal. The extracted 

10 check signal is introduced into the multiplexing area 30 
again through the sixth check terminal sections (420, 70) , 
and then is output from the seventh check terminal sections 
(60) as demultiplexed check signals with the respective 
wavelengths. On the basis of the output check signals, 

15 a control signal is output. 

A specific example will be described below. 

(Specific Example) 

Now, a specific configuration of an optical 
20 multiplexer according to the present invention will be 

described with reference to FIGS. 17 to 24. 

The optical multiplexer according to the present 

invention is roughly divided into between the optical 

multiplexing circuit 1 including the multiplexing area 30 
25 and a wavelength control circuit 4 00 having a function of 

monitoring and controlling the wavelength of an optical 

signal . 
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(Optical Multiplexing Circuit) 

First, the optical multiplexing circuit 1 will be 
described with reference to FIGS. 17 and 18. 
5 FIG. 17 shows the array-waveguide grating type optical 

multiplexing circuit 1 . 

(Input Facet) 

At the input facet 10, the plurality of transmission 
10 channel waveguides 40 are arranged at predetermined 

intervals to constitute the group of input transmission 
channel waveguides Tl, T2 , Tn. 

Further, the pair of monitoring channel waveguides 60 
are each arranged at the corresponding both sides of each 
15 transmission channel waveguide 40 to constitute the group 
of input monitoring channel waveguides (Sll, S12), (S21, 
S22 ) , . . . , (Snl , Sn2 ) . 

In the multiplexing area 30 , the input transmission 
channel waveguides 40 and the monitoring channel 
20 waveguides 60 are structured as the input channel 
waveguides 101 of FIG. 25. 

(Output Facet) 

At the output facet 20, the set of transmission channel 
25 waveguides 50 are arranged to constitute the pair of output 
transmission channel waveguides (T01, T02). 
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The monitoring channel waveguides 70 are each arranged 
at the corresponding both sides of the transmission channel 
waveguides 50 to constitute the pair of output monitoring 
channel waveguides (SOI, S02). 
5 In the multiplexing area 30, the output transmission 

channel waveguides 50 and the monitoring channel 
waveguides 70 are structured as the output channel 
waveguides 105 of FIG. 25. 

In the figure, the solid lines in the multiplexing area 
10 30 conceptually show paths through which a plurality of 
optical signals of different wavelengths {X lr \ 2 , . . . , K n ) 
input from the group of input transmission channel 
waveguides Tl, T2, Tn travel to the pair of output 

transmission channel waveguides (T01, T02). 



Hi 15 



(Optical Transmission Wavelength Characteristic) 

In this example, in FIG. 17, the optical transmission 
wavelength bands for transmission are substantially 
nearly equal to each other. Further, the optical 
20 transmission wavelength bands for monitoring are 

substantially nearly equal to the optical transmission 
wavelength bands for transmission. 

The optical transmission wavelength characteristic 
will be described in further detail. 
25 The pair of output transmission channel waveguides 

(T01, T02) are set to have such optical transmission 
wavelength characteristics as shown in FIG. 18A. 
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That is, the bandwidth of each of the optical 
transmission wavelength characteristics of the pair of 
output transmission channel waveguides (T01, T02) is, for 
example, about half of that of the optical transmission 
5 wavelength characteristic (center wavelength X x ) of the 
input transmission channel waveguide Tl. The optical 
transmission wavelength characteristics of the pair of 
output transmission channel waveguides (T01, T02) form two 
overlapping mountains. An optical transmission 
C3 10 wavelength band, obtained by synthesizing the optical 
HI transmission wavelength characteristics of the pair of 

[;\ output transmission channel waveguides (T01, T02), is 

!;; equal to that of the transmission channel waveguide Tl, 

■ and the center wavelength of the synthesized optical 

fll 15 transmission band is consistent with a wavelength used as 

fll 

pi a reference corresponding to each of the plurality of 
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transmitted optical signals . 

With these settings, when the wavelength of an optical 
signal input to the input transmission channel waveguide 

20 Tl is consistent with the reference wavelength then 
an optical signal obtained by multiplexing in the 
multiplexing area 30 is divided into two signals, and then 
these two signals are output to the pair of transmission 
channel waveguides (T01, T02). 

25 Further, similarly, optical signals of the 

wavelengths X 2 , . . . , K n from the input transmission channel 
waveguides T2 , . . . , Tn are each divided into two signals. 
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and then these two signals are output to the pair of output 
transmission channel waveguides (T01, T02). 

In FIG. 17 , the solid lines in the multiplexing area 
30 schematically indicate how the signals are each divided 
5 into two signals , and are output to the pair of transmission 
channel waveguides (T01, T02) at the output side. 

These divided and output pair of signals can be easily 
synthesized by using an optical coupling circuit 440 (D3) 
connected to the pair of output transmission channel 
10 waveguides (T01, T02), as described later. 

Next, explanation will be given of the relationship 
between the optical transmission wavelength 
characteristics of the input monitoring channel waveguide 
60 and output monitoring channel waveguide 70. 
fll 15 The optical transmission wavelength characteristics 

ru 

fn Of the pair of output monitoring channel waveguides (S01, 
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SO 2 ) and pairs of input monitoring channel waveguides ( Sll , 
S12), (S21, S22), (Snl, Sn2 ) are each set to have a 

wavelength band nearly equal to that of the output 

20 transmission channel waveguides T01 and T02. 

In this case, after processes of multiplexing and 
division into two, when the multiplexed and divided optical 
signals output to the output transmission channel 
waveguide T01 are input to one output monitoring channel 

25 waveguide S01 of the output monitoring channel waveguides 
(S01, S02), the signals are demultiplexed into signals of 
the respective wavelengths in the multiplexing area 30, and 
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then the demultiplexed signals are output to the channel 
waveguides Sll, S21, . .., Snl. 

FIG. 18B shows the optical transmission wavelength 
characteristics relationship between one SOI of the pair 
5 of output monitoring channel waveguides (SOI, S02) and the 
input monitoring channel waveguides Sll, S21, . . . , Snl in 
the case of such setting. 

Alternatively, after multiplexing and subsequent 
division into two, when the multiplexed and divided optical 
10 signals output to the output transmission channel 

waveguide TO 2 are input to the other SO 2 of the pair of 
the output monitoring channel waveguides (SOI, S02), the 
signals are demultiplexed into signals of the respective 
wavelengths in the multiplexing area 30, and then the 
15 demultiplexed signals are output to the channel waveguides 
S12 , S22 , . . . , Sn2 . 

FIG. 18C shows the optical transmission wavelength 
characteristics relationship between the other S02 of the 
pair of output monitoring channel waveguides (SOI, SO 2) 
20 and the input monitoring channel waveguides S12, S22, 
Sn2 in the case of such setting. 

A general operation performed under these settings is 
as follows. 

First, a plurality of optical signals of the 
25 wavelengths K l9 X 2 , . . . , X n are input to the input 

transmission channel waveguides Tl, T2 , Tn. These 

optical signals are multiplexed in the multiplexing area 
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30 and the signal obtained is output to the pair of output 
transmission channel waveguides (T01, T02). 

In this case, if wavelengths of these optical signals 
are consistent with the wavelengths X lw \ 2 , . . . , X n , output 
signals are divided into two groups according to the output 
transmission channel waveguides (T01, T02), and then the 
divided signals are output . 

As shown in FIG. 23A, the division into two means that 
when the optical transmission wavelength bands of the 
transmission channel waveguides T01 and T02 are overlapped 
each other at the centered wavelength X lr optical signals 
are branched and output to either the channel waveguide 
T01 or T02. That is , if a wavelength of an optical signal 
is the wavelength \ x . so that the signal is divided into 
two signals because the channel waveguides T01 and T02 have 
an equal optical transmittance, and then these divided 
signals are output to the channel waveguides T01 and T02, 
respectively. In this case, if the wavelength of the 
optical signal is shifted to wavelength X ± ' , a larger part 
of the signal is output to the channel waveguide T02 because 
the channel waveguide T02 has a higher optical 
transmittance than the channel waveguide T01. 

If the wavelength of any optical signal is shifted to 
the long or short wavelength side, a larger part of the 
signal is output to either one of the output transmission 
channel waveguides T01 and T02, while a smaller part 
thereof is output to the other. 
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In this case, when a part of the output from the output 
transmission channel waveguide T01 is input to the output 
monitoring channel waveguide SOI, this part is 
demultiplexed into different signals again in the 
5 multiplexing area 30, and then the demultiplexed signals 
are output to the input monitoring channel waveguides ( Sll , 
S21, . Snl). 

On the other hand, when a part of the output from the 
= output transmission channel waveguide TO 2 is input to the 

j;f 10 output monitoring channel waveguide S02, this part is 
W demultiplexed into different signals again in the 

ul multiplexing area 30, and then the demultiplexed signals 

FlJ 

yj are output to the input monitoring channel waveguides (S12 , 

f". S22 , . . . , Sn2 ) . 

I;: 15 In this case, concerning the input transmission 

5[] channel waveguide Tl, when outputs from the pair of input 

FIJ monitoring channel waveguides (Sll, S12) are measured, 

determine how much the wavelength of the optical signal 
is shifted to the long or short wavelength side from the 
20 reference K x can be determined. This is similar to the 
other transmission channel waveguides. 

Thus, if the wavelengths of a plurality of optical 
signals have a deviation from the reference value, a signal 
is obtained notifying the corresponding monitoring 
25 channel waveguide of the deviation. 

By using the arrayed-waveguide grating optical 
multiplexing circuit 1 having the above described 
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functions, the wavelength control circuit 400 will be 
described that a plurality of optical signals are 
multiplexed, the deviation of each wavelength is detected, 
and the wavelength is controlled so as to obtain a 
predetermined value. 

(Structures of the Input/Output Slab Waveguides) 

Now, the structures of the facet portions of the input 
slab waveguide 102 and output slab waveguide 104 will be 
described with reference to FIGS. 19 to 21. 

FIG. 19 shows the internal structure of the 
multiplexing circuit 1 in FIG. 17. 

FIG. 20 shows the structure of the facet portion of 
the input slab waveguide 102. 

At the input facet 10 of the input slab waveguide 102, 
each of the group of input transmission channel waveguides 
Tl, T2, . . . , Tn is arranged at predetermined interval (for 
example, interval depending on the wavelength of 
transmitted optical signal) . 

Further, in the group of the pair of input monitoring 
channel waveguides ((Sll, S12), (S21, S22), (Snl, 
Sn2)), each pair of input monitoring channel waveguides 
is arranged at predetermined interval by using one of each 
pair of the channel waveguides as a reference position. 

If, for example, one Sll of the input monitoring 
channel waveguides (Sll, S12) is set as a reference 
position, the input monitoring channel waveguides S21, 
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S31, . . . , Snl are arranged at predetermined intervals each 
other. 

Furthermore, since the other input monitoring channel 
waveguide S12 may also be set as a reference position, the 
5 input monitoring channel waveguides S22, S32, . . . , Sn2 are 
arranged at predetermined intervals each other. 

Moreover, the waveguide width of each of the input 
monitoring channel waveguides 60 constituting the each 
pair of input monitoring channel waveguides , the waveguide 
10 width of each of the output monitoring channel waveguides 
70 constituting each of output monitoring channel 
waveguides, and the waveguide width of each of the output 
transmission channel waveguides 50 constituting the 
output transmission channel waveguide may be set narrower 
15 than that of the input transmission channel waveguides 40 
or set equal to about half thereof. Furthermore, for 
example, the waveguide width is set to about half, thus 
downsizing an optical multiplexing circuit. 

FIG. 21 shows the structure of the facet portion of 
20 the output slab waveguide 104. 

At the output facet 20 (fourth facet) of the output 
slab waveguide 104 , the pair of output transmission channel 
waveguides 50 are located relative to the group of input 
transmission channel waveguides Tl, T2, ... , Tn arranged 
25 at the input facet 10 (first facet) of the input slab 
waveguide 102. 
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This relative positional relationship is such that the 
pair of output transmission channel waveguides 50 are 
arranged at such positions that a plurality of optical 
signals transmitted from the group of input transmission 
5 channel waveguides Tl, T2 , Tn are multiplexed to 

generate a multiplexed beam (wavelengths X lf X 2 , . . . , X n ) . 

Further, the pair of output monitoring channel 
waveguides 70 are located relative to each pair of input 
monitoring channel waveguides 60 arranged at the input 
10 facet 10 (first facet) of the input slab waveguide 102. 

This relative positional relationship is such that the 
pair of output monitoring channel waveguides 70 are 
arranged at such positions that demultiplexed beams guided 
to each pair of input monitoring channel waveguides 60 are 
is generated. 

That is, when a multiplexed beam (wavelengths \ x + , 
A, 2 +, . . . , >t n +) is input from one S01 of the output monitoring 
channel waveguides, an optical signal of the wavelength 
\ x + is guided and is output to one Sll of the pair of input 
20 monitoring channel waveguides (Sll, S12). 

When a multiplexed beam (wavelengths X x - , \ 2 - , . . . , X n - ) 
is input from the other output monitoring channel waveguide 
S02, an optical signal of the wavelength A^- is guided and 
is output to the other S12 of the pair of input monitoring 
25 channel waveguides (Sll, S12). 

In the above description, as shown in FIG. 17, the 
input monitoring channel waveguides 60 are each set between 
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the input transmission channel waveguides 40. However, 
it is necessary to maintain the relative positional 
relationships between the input transmission channel 
waveguides 40 and the output transmission channel 
5 waveguide 50, between one (Sll, S21, . . . , Snl) of the input 
monitoring channel waveguides 60 and one SOI of the output 
monitoring channel waveguides 70, and between the other 
(S12, S22, . .., Sn2) of the input monitoring channel 
waveguides 60 and the other S02 of the output monitoring 
10 channel waveguides 70, and the mutual positional 
relationship between these three sets of channel 

%l) waveguides can be changed. 

f\ i 

[y That is, in FIG. 17, with the relative positions 

maintained between the input monitoring channel 
15 waveguides 60 and the output monitoring channel waveguides 
70, the input monitoring channel waveguides 60 may each 
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fl) be installed at such a position so that the waveguides 60 

is not sandwiched between the input transmission channel 
waveguides 40 (that is, the input monitoring channel 
20 waveguide 60 may be moved downward in FIG. 17). This 

situation is similar to FIG. 3, described previously in 
the first example. 

(Wavelength Control Circuit) 
25 Next, the wavelength control circuit 400 will be 

described with reference to FIGS. 22 and 24. 
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FIG. 22 shows an example of configuration of the 
wavelength control circuit 400 using the arrayed- 
waveguide grating type optical multiplexing circuit 1. 

Reference numeral 410 denotes optical branching 
circuits (Dl, D2 ) each having the same functions as the 
optical branching circuit 210 (see FIG. 8) in the first 
example, described previously. The optical branching 
circuits Dl and D2 are connected to the output transmission 
channel waveguides T01 and T02, respectively. 

Reference numeral 420 denotes optical waveguides Bl 
and B2 connecting one side of each of the optical branching 
circuits Dl and D2 to the output monitoring channel 
waveguides S01 and S02, respectively. That is, the 
optical waveguide Bl connects the optical branching 
circuit Dl to the monitoring channel waveguide S01. The 
optical waveguide B2 connects the optical branching 
circuit D2 to the monitoring channel waveguide S02. 

Reference numeral 430 denotes optical waveguides T03 
and TO 4 connecting the other side of each of the optical 
branching circuits Dl and D2 to a synthesis circuit D3 . 

Reference numeral 440 denotes the synthesis circuit 
D3 (optical coupling circuit) that couples two branched 
signals together to generate amain signal. The synthesis 
circuit D3 synthesizes optical signals from the optical 
waveguides T03 and T04 and outputs the synthesized signal 
to the exterior through the optical waveguide TO. 
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The synthesis circuit D3 can synthesize two branched 
signals together by reversely using the input and output 
of the optical branching circuit Dl or D2 . 

The optical branching circuits Dl and D2 each branches 
a part , normally about 10% , of a multiplexed optical signal 
input from the output transmission channel waveguide T01 
or T02, respectively, and outputs this part to a branch 
output terminal Bl or B2 , respectively. Further, the 
remaining most, normally about 90%, of the optical signal 
is output to the optical T03 or T04, respectively. 

This circuit also has the arrangements described 
below. 

The input transmission channel waveguides Tl , T2 , 
Tn, the input monitoring channel waveguides (Sll, S12), 
(S21, S22), (Snl, Sn2 ) , the output transmission 

channel waveguides T01 and T02, the output monitoring 
channel waveguides (SOI, S02), and others are similar to 
those of the optical multiplexing circuit 1 shown in FIG. 
17. 

The input terminals II, 12, In for n electric 

signals to be transmitted and control signal extracting 
circuits CI, C2, . . . , Cn for controlling the wavelengths 
of the electrooptic conversion circuits L2, L2, Ln 
are similar to those in FIG. 7 for the first example, 
described previously. 
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Now, the functions of the wavelength control circuit 
400 will be described by taking a line from the 
electric -signal input terminal II by way of example. 

An electric signal input to the input terminal II is 
5 converted into an optical signal of the wavelength X x by 
the electrooptic conversion circuit LI. This optical 
signal enters the arrayed -waveguide grating type optical 
multiplexing circuit 1 through the input transmission 
channel waveguide Tl . In the optical multiplexing circuit 
10 1, the optical signal is multiplexed with optical signals 
of other wavelengths, and the multiplexed signal is output 
to the output transmission channel waveguides T01 and T02. 

FIG. 23A shows the optical transmission wavelength 
characteristics between the input transmission channel 
15 waveguide Tl and the output transmission channel 
waveguides T01 and T02. 

In this case, if the optical signal is consistent with 
the wavelength X lw the output transmission channel 
waveguides T01 and T02 have an equal optical transmittance , 
20 and the signal is divided into two signals of the same 
magnitude, and then the divided signals are output to the 
channel waveguides T01 and T02, respectively. 

However, as shown in FIG. 23A, if the wavelength is 
shifted to X 1 ' , one T02 of the output transmission channel 
25 waveguides has a higher optical transmittance than the 
other T01, so that the output transmission channel 
waveguide T01 provides a reduced output, while the output 
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transmission channel waveguide T02 provides an increased 
output . 

This change in transmittance is equivalent to that 
shown in FIGS. 23B and 23C by arrows. 

That is, FIG. 23B shows a change in optical 
transmittance between the output monitoring channel 
waveguide SOI and the input monitoring channel waveguide 
Sll. In this case, the monitoring channel waveguide SOI 
reflects the output state of the output transmission 
channel waveguide T01. 

FIG. 23C shows a change in optical transmittance 
between the output monitoring channel waveguide SO 2 and 
the input monitoring channel waveguide S12. In this case, 
the monitoring channel waveguide SO 2 reflects the output 
state of the output transmission channel waveguide T02 . 

Parts of signals from the output transmission channel 
waveguides T01 and T02 are input to the output monitoring 
channel waveguides SOI and S02, respectively, via the 
optical waveguides Bl and B2 connected to the optical 
branching circuits Dl and D2 , respectively. These parts 
are demultiplexed in the multiplexing area 30, and the 
demultiplexed signals are output to the input monitoring 
channel waveguides Sll and S12. 

The signals output to the input monitoring channel 
waveguides Sll and S12 have an equal magnitude each other 
when their wavelength is consistent with a predetermined 
value. On the other hand, one of the signals has a larger 
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magnitude than the other when their wavelengths have a 
deviation . 

A shift in output signals is input to the control 
signal extracting circuit CI connected to the input 
5 monitoring channel waveguides Sll and S12. The control 
signal extracting circuit CI outputs a control signal to 
the electrooptic conversion circuit LI via the signal line 
235, thereby controlling the wavelengths of the optical 
signals to a predetermined value. 
10 On the other hand # the synthesis circuit D3 , shown in 

ffj FIG. 22, can be implemented by reversely using the input 

and output of the branching circuit shown in FIG. 8. That 
is, an optical signal transmitted from the optical 
waveguide T03 is input to the circuit C01, and an optical 
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fl| 15 signal transmitted from the other optical waveguide T04 
ri is input to the circuit C02, and then these two optical 

ru 

signals are synthesized in the optical waveguide TO . Thus , 
a wavelength multiplexed optical signal (X. 1# X 2 , . . . , X^) 
is output from the optical waveguide TO to the exterior. 

20 Alternatively, the multiplexing circuit shown in FIG. 

24 can also be used as a synthesis circuit D3 . Two optical 
signals are coupled together in the optical waveguide TO 
by selecting the characteristics of a filter 411 so that 
one of the signals transmitted from the optical waveguide 

25 T03 passes through the filter 411, while the other signal 
transmitted from the optical waveguide T04 is reflected 
by the filter 411. 
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The line from the electric- signal input terminal II 
has been described, but this description can be applied 
to the other lines by replacing the wavelength X 1 shown 
in FIGS, 23B and 23C with the wavelengths X. 2 , . .., k n . 

( Integration) 

In FIG. 22, the multiplexing area 30, the output 
transmission channel waveguides 50, the output monitoring 
channel waveguides 70, the optical branching circuit 410, 
the optical waveguides 420 each connecting between one of 
the optical branching circuit 410 and the monitoring 
channel waveguide 70, the optical coupling circuit 440, 
and the optical waveguides 430 each connecting between the 
optical branching circuit 410 and the optical coupling 
circuit 440 may be integrated together in the same body. 
This configuration produces effects similar to those of 
the first example. 

The present invention has been described in 
conjunction with the principle thereof, the circuit 
configurations producing the effects thereof, and the 
operations thereof. However, all these examples provide 
very effective means for multiplexing a plurality of 
optical signals of different wavelengths, while detecting 
and controlling changes in wavelength. 

As described above, according to the present invention, 
a part of a wavelength division multiplexed optical signal 
output from the multiplexing area is extracted to produce 
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a check signal, and the extracted check signal is guided 
to the multiplexing area again. Then, the reentered check 
signal is detected at the facet located opposite the facet 
from which the check signal has been reentered, and the 
state of the detected check signal is determined. 
Furthermore, a control signal is output as required which 
controls the operations of a plurality of optical signals 
input to the multiplexing area, on the basis of the result 
of the determination. Consequently, the operational 
state of input optical signals can be checked by passing 
the part of the wavelength division multiplexed signal 
through the multiplexing area twice. There is no 
necessary for a separate complicated function of 
monitoring the wavelength of the optical signal, thereby 
precisely controlling an optical wavelength as well as 
structuring a simple circuit configuration. 

Further, according to the present invention, either 
the multiplexing area and the extracting means, or, the 
multiplexing area, extracting means, and check signal 
reintroducing means are integrated together in the same 
body, thereby further downsizing an apparatus. 

The present invention has been described in detail 
with respect to preferred embodiments, and it will now be 
apparent from the foregoing to those skilled in the art 
that changes and modifications may be made without 
departing from the invention in its broader aspects, and 
it is the intention, therefore, in the appended claims to 
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cover all such changes and modifications as fall within 
the true spirit of the invention . 



